XMM-Newton Data Analysis Workshop
27th November 2001

Spectral analysis of point-like sources with EPIC

Matteo Guainazzi
XMM-Newton Science Operation Center

il XMM-Newton Data Analysis Workshop

= esa XMM Newton
“ - - s =411 132 =56 2= B3
November 27th, 2001 M.Guainazzi 1



evselect: the SAS extractor

In order to extract scientific products (spectra, light curves, images, histograms)
one needs a software machine able to binning appropriate columns of an event
lists, while applying event filtering “on-the-fly”

What is called extract or in the LHEASOFT world (with its user interface
xsel ect), or dnextract in CIAQ, is the SAS evsel ect

evsel ect has a GUIl interface, xrmsel ect, which allows the user to perform all
the evsel ect tasks in a button-driven, user-friendly way

This presentation will be focused on the usage of xnmsel ect . However, each
xmsel ect operation has its corresponding evsel ect command-line translation.
E.g.: if one wants to extract a spectrum from a region of 128 sky pixels around
(18000,18000) and with PATTERN in the range 0-12, from a MOS1. evt event list:

evsel ect tabl e=*MOS1. evt: EVENTS” W t hspectrunset =yes
spectrunset =“nmy_spectrum pi” energycol um=“Pl” expressi on="((X,Y)
i n circle(18000, 18000, 128)) &&( PATTERN=<12) "
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"he xmmselect window

The EVENTS extension

columns are listed.
Column buttons allow

to transfer the ranges

defined in the widgets
to the selection
expression

One can transfer
selection regions
defined in a 1-D or 2-D
(image) plots to the
selection expression
widget

Products which

may be extracted:

all the above plus

Here the [ e e e e e
Sel eCti on - _-|_#><MMEA_EM&&(PA'ITERN<=12)&&(PI in [100:12000])
expression eport |
is defined 5
o= TINE | [Rea min: | mas: |
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light curves, [” L= = e
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the quantities _—
on which to 10 region | 20 region
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filtered event lists
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Camera-dependent screening criteria

Experience of on-flight calibrations has allowed to identify a couple of optimal

camera-dependent screening criteria: Dump of the XMVEA_* section
of a MOS event list header
mIEA_E =" EE‘LPAG & gx%g == g ::DIAGDNPAL
OMEA 1 = * (FLAG & 0x2) != 0° CLOSE_TO_GCD_BORDER
MOS: BEELD CEHRE ) 170 ) S e
HMMEA 5 = ° (FLAG & 0x100) != 0* / CLOSE_TD_DEADPIX
MMEA 9 = ¢ (FLAG & Ox200) = 0° / CLOSE_TO_BADCOL
HEMMER 10_ :(E‘LﬁG & Oxd00) :: g f E;DEED%‘EEEB?RDW
o #XMVEA EM this is a bitwise selection expression, which om

remove “bad events” in terms of bad rows, edge effects, sp’f"ﬁtgdw ”ﬁﬁ%;@ T‘EE e

rejection, cosmic ray events, diagonal events, event beyonﬂﬁgfe@% ﬁﬁgﬁi@'dﬂns Qs
EMMEZ 20=  (FLAG & 0x20000000) != 0’ / EAD E3E4
e i & D00 = O /1 08 events

 PATTERN=<12: this selection of the event shape (“grade” in ASCA) maximises
the signal-to-noise ratio against non X-ray events. Analysis of spectra extracted
from single events only (PATTERN==0) is supported and calibrated as well

pn:

o #XMVEA EP: see above
» Spectral analysis calibrations are available for both single (PATTERN==0) and
double [( PATTERN=>1) &&( PATTERN<4) ] events
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Defining interactively a spatial region

XmmSelect I \J|

— Selection expression

Eile Column Begion Wiewer Products Style Help

import

¥ withimageset

FRMMEA_EME&(PAT TERN=-12)3.&(Pl--300)

Starting selection expression

I evselect

General | Image ISpectrum |Lightcurue |Hist0gram |

imageset |m05_image.ﬂts J
_Columns
xcolumn bt
yoolumn ki
Ranges
T~ withxranges
Himagenmin 1
Himagenmas E40
T~ withyranges
yimagemin 1
yimagemas: E40

Binning
| hinSize ~|

ximagebinsize

R
—

yimagehinsize

™ withimagedatatype

imagedatatype |Real64 vl .

(appears after clicking on “Image”
in the main xmsel ect window)

CVOCTI CUt vV I oo vy

Run | Defaults | Cancell

SAOImage Ds9-mguainaz -
File Edit Frame Zoom Scale Color Region Analysis Help
File image. ds |
value
Wes ] |
Fhysical ® |y |
Image X |y |
Frame1 Zoofh 0.250 | Ang 0.000 |

File | Frame | | Zoom | Scale | Color ‘ Region

‘ circle ellipse box polygon Tine Text ruler point region

“ds9” window
(appears after clicking “Run”
on the evsel ect window)

| ——

If now one clicks on the “2D
region button” of the main
xmrsel ect window ...

2D region

Eile Column Begion Yiewer Products Style Help

- Selection expression

FAMIMEA_EME3(PATTERN==12)&&(Pl==300)&4((%Y) IN circle(z5851,25831,1520))

—_—
400800 .
import

clear

The spatial filter is
properly (“&&”) imported
in the selection
expression widget!
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Defining interactively a 1-D (time) interval

—| XmmSelect [ — DEfine rEgiDﬂ |
sl _ If now one clicks on the “1D
FXMIMEA_EME&(PAT TERN-=- 12)8&(PI=-300) , , Define region: 2 | region button” of the main
Starting selection expression .
Region type:  In Horiz. Range | xmsel ect window ...
import clear \
1 | Define | Clnsé\ | ] - Region selection
i i . A\ 10 region
General | Image | Spectrum | Lightcurve I Histogram | 20000 TATE Y o
W withrateset
rateset rates.ds J
timecolumn Pl 15000 |- _
timehinsize 100 -
maketimecolumn W 2
makesparserates I £10000 — —
. . % P [ N -
T withtimeranges 2
fifmenmin 0
tifme g 1000 5000 - —
T withzcolumn J_
Eile| Column Region Viewer Products Style Help
Zeolurmn IWElGHT 4] L L Selection expression
0 3000 16000 15000 i(P|>=SDD)&&((TIME) IM [101213865.571:101223754.46]|(TIME) IN [101227153.163:101232708.71
TIME - 101219793.6754613 [s] o] | i

A grace window appears with
the accumulated light curve after ——
“Run”.In grace timeintervals The time filter is properly

. “ . interpreted and (“&&")
:::gni(?r?”sfilﬁgiieodnwnh the “Define imported in the selection

expression widget!

The evsel ect window
appears when “OGIP light
curve” is clicked
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Background subtraction issues

1. In general, it is advisable to extract the background spectrum from source-free,
nearby regions on the same chip. Good geometry choices are a circular region at the
same off-axis angle (in the MOS) or on the same raw coordinates row (in the pn), or an
annulus around the source. The background spectrum extraction follows in this case
the same procedure as the source

2. Alternatively, blank fields files, available on the XMM-Newton calibration pages, can
be used. This is a good choice for windowed modes, where most likely no enough
room is available to extract meaningful background spectra. Source and background
spectra needs to be extracted from the same regions in detector coordinates, and
using of course the same screening criteria.

When spectra are extracted from blank sky field, the EXPOSURE keyword (exposure
time) needs to be manually updated:

f parkey EXPOSURE ny_ background.fits val ue
3. XMM-Newton experiences sometimes high flaring background periods, most likely

due to soft protons accelerated by magnetic reconnection. They needs to be removed
before extracting any scientific products, according to the following recipe:
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Recipe to clean flaring high background

« extract a high-energy (E > 10 keV), single event light-curve, with the expression:
( PI >10000) &&( PATTERN==0) &&#XMVEA E[ MP]

e create a GTI, excluding all the “flaring” intervals
tabgti gen tabl e=*high_energy curve.fits” gtiset=gti.fits expression="COUNTS<15”

» apply the above GTI to any scientific products accumulations, adding to the
selection expression the string: “. . ogti(gti.fits, TINE) .7

background_lightcurve.fits

RATE RATE
2001 . . T . T 2A T T T

Before the cure

150 — —

After the cure |

&
=y

count]

COUNTS [;
g
T
COUNTS [count]

100 — —
gti.fits
50 - T 50 — =
5000 10000 15000 20000 O0 5000 10000 15000 20000
TIME - 101219760.6826379 [s] TIME - 101222281.9148484 [s]
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Pile-up, and how to deal with it

Pile-up is the accumulation of n events in the same pixel during the time a CCD frame is read out. The
accumulated events are interpreted as one single event, whose energy E=E,+ E, + ... + E,. Pile-up
produces therefore both flux loss and spectral distortion.

Pile-up may be a problem for e.g. Full Frame exposures, when the count rate is > 0.7 (MOS)/8 (pn) s

How to recognise it? | | set my_pn_eventlistfits .

W|thﬂag |7 ] PD089280301 PNSO1C0PIEVLICCO0_sc4 fits
sigma 3

xaxisadu M

| device  [vCPS

outdir 4 J
useplotiile M

éplotﬂle my_pn_patternplot.cps| J
withgdp T

110000_sc fits

How to cure it?

y i
Excising the F%SF core

Fun | Defaults | Cancell 0

7 leo 1000
Line 188. $W Model PI Chennel {adu)

Total PSF

‘ :
Line 188, SW Model :
A 4

PATTERN
di§fTibution

: W Using single events only
w W

“Holes” in the PSF core P Srome e e e

!
100 1000
Pl Channel {adu)
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The concept of “response matrix”

Probability

Spectra are created in counts. The information to convert the counts to physical units
during the spectral analysis is contained in the response matrix. It is the product of:

the redistribution matrix
(ak.a “*.rnf”)

*

the effective area vector
(a.k.a. “ancillary file”, “*. arf”)

Ol E ‘ T = LI T T — 1 T T T 1]
- F=6.4 keV .
L a l}! 8
E = E
0.01 = . 8
E § o
r - ]
i i 4
L B [
59 i
10—3 - = .§ ]
i . &
4_\ | |_ - ] e
10~
0.8 L LE o Enerlgy (keV) 1
Energy (keV/6.4)
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“Pre-canned” response maitrices

Standard (“pre-canned”) EPIC response matrices are available in the XMM-Newton
calibration pages for the analysis of point-like, on-axis sources. Several matrices
are available, according to different:

e cameras (MOS1, MOS2, pn)

o filters (thin, medium, thick)

e pattern distribution [“0” (singles) or “0-12” for the MOS cameras; “0” (singles)
“1-4” (doubles) or “singles+doubles” for the pn cameral]

e source position in raw coordinates (pn only)

Their use requires particular spectral ranges and binnings to be applied during

the Spectral extrac“ on: General I Image | Spectrum I Lightcurve | Histogram
W withspectrumset
spectrumset my_mas_spectrum fits J
specchannelnin specchannelmax spectralbinsize spectralbinsize |19
MOS 0 11999 15 I withspecranges
specchannelmin |0
pn 0 20479 ] specchannelmeax [11933

(T XMM-Newton Data Analysis Workshop

e S a %\X MM Newton

e - =g =411 T -
November 27th, 2001 M.Guainazzi 11




SAS tasks to generate EPIC responses

Alternatively, EPIC response matrices can be generated using the SAS tasks r nf gen
and ar f gen, which create customised responses for a given input EPIC spectrum

rmfgen

Which $*.rnf” to use?
main Ieﬁects | data | :

-run?
spectrumset  |my_spectrum fits » ‘Detector map? Drys run-
rmfset my_redistribution.rmf i
pnline 190 Overrlde source position?
format ﬂXEd;g Effects td be taken Ento account (EEF, quantum

eff|C|ency filter transm|55|on bad pixel, aitltude
Run | /éefaults | Cancel | §Va”a“°”$)
— arfgen : :
main Ieﬁécts |50ur=t:e |detectbr map |patterr15 calibtation |back53cale |
arfset my_effectivearealfits y
) — spectrumset my_spectrum fits
Raw coordinates pOSItIOﬂ

of the spectrum source

A “mixed case” is also possible: generatean “*. arf:” on the basis of a“pre-canned” “*.rnf”

.,,.;|IIIII|" o
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Which matrix shall | use?

Generally, the “pre-canned” matrices follow more closely the development of the
on-flight calibrations. In case of discrepant results fitting a point-like, on-axis
source, the results obtained with them are to be considered more reliable.

However, the difference with the matrices generated by the SAS tasks is getting
smaller and smaller, and is now virtually negligible for most practical cases

Moreover, SAS task-generated matrices allow greater flexibility, although they still
suffer of some limitations (PSF correction is currently accurate only if the
extraction regions are circular)

A comparison between the
performances of “pre-canned” and
SAS-generated matrix is contained
(and “frequently” updated) in the
SAS validation reports

SAS-generated

Seenaric T

{107 cm~

MOS1

1 10233
a, 1gpeg
3. (PATTERN=0-12} 18630
3. (PATTERN={} 1002758
OS2

1 TR
3. 1.00 +=0.03
3. (PATTERE=0-12) 1.8 £0.03
3. (PATTERE=(} 1.86 £0.03
pa

1. 143 0.2
3. 1.06 0.2
3. (PATTERE=T} 1.86 0.2

3. (PATTERE=0-4}  1.87 £0.02

2.36 £0.04
2,40 £0.04
22§ £0.04
33200

238 L0.04
2.2 +0.04
210 0.04
222405
23653
2424003
234003
224433

N 3 dof
]
286.8/18

30— M ixed”

22224182

184,571
23207183
21197183

225.6/182 pre-canned

211.8/170

42.0/04
K014
2417104
200.4/213

Table 2: G21.54.9 ohservation hesi-fit parameters. Errors are at the 30% oomfidence level for
cme interesting parameter. Indices refer to the three " paths” available to generate EPIC response

matrices with SAS v5.1
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How big Is an optimal source extraction region?

90%

PSF fraction [unitless]

Apart from specific scientific needs, the optimal source extraction region aims at

maximising the net signal-to-noise at all energies, while avoiding crossing the chip

boundaries (if one wants to avoid specific chip-dependent background corrections).
One has therefore to refer to the CCF Encircled Energy Functions

Encircled energy from PSF integration

EMOSI - theta=0"" phi=0Odeg E=500eV

Encircled energy from CCF
EMOSI - theta=0"" phi=0Odeg E=2000eV
:

1
1 T T T T T

0.8

=
o

s
=

E=0.5 keV

E=2 keV

o i . | . | . | P

PSF fraction [unitless]

Encircled energy from CCF
EMOST - theta=0"" phi=Odeg E=6400eV

08

=
>

=
=

E=6.4 keV

L ! ‘
1 2 3
~40”
radius [mm]

9] 50 100 150 200 250

radius [arcsec]

L 1 L
50 100 150 200 250

radius [arcsec]

The SAS response matrix generation tasks take already properly into account the encircled

energy fraction, provided that the extraction region is circular.

The “pre-canned” EPIC response matrices correspond to an infinite extraction radius. A
correction on the flux for the finite-radius photon loss needs to be applied downstream

...November 27th, 2001
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IS my spectrum good enough?

Data/medel ratio

There are two main sources of information to answer this question:

1. the CCF release notes, which report the expected accuracy associated with each
individual CCF component

2. The SAS validation reports, which compare the expected calibration accuracies on
a pre-defined set of XMM-Newton observations. An update of the report is issued at
every new SAS release

— * -n
Pre—canned *.rmf + arfgen _ P . MO=CONS*WA*(PO+2*BB)

— T

0.1

0.60.8 1 1.21.4 107° 001 0.1 1 10

g G21.5-09 ] PK80558-504

| NP TTERE : i O

; % wﬁ Hﬁﬂ ﬁwﬂ s %*&WWW%W%H wWMMMWMM% E [t ’”‘ ‘M ﬁww MHWH WM WLH‘HJ( o oy e Sl iﬁ%ﬁwww M“‘Mﬁhﬂh ﬁﬂﬁf%
1 ’ Energy (keV) ’ i ) o . En ; ergy (keV) ¢ ° o " Energy (keV)2 ° 1

Quality of MOS spectral fitting Quality of pn spectral fitting MOS/pn comparison
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| have forgotten everything ...

No panic! All the information included in this presentation are available on the web:

« SAS: http://xmmvil spa. esa. es/ sas

* SAS User Guide:
http://xmm vil spa. esa. es/ sas/ docunent ati on/ user gui de. ps. gz

e Calibration and calibration files: http: // xmm vi | spa. esa. es/ cal i brati on/

» Quality of EPIC response matrices:
http://xmm vil spa. esa. es/ docs/ docunent s/ PS- TN- 0043- 2- 0. ps. gz

» SAS validation data and report:
http://xmm vil spa. esa. es/ public/xmm sas_sv. htmn

* EPIC background issues:
http://xmm vil spa. esa. es/ docs/ docunent s/ CAL- TN- 0016- 1- 0. ps. gz

If everything else fails, send an e-mail to the HelpDesk: xmmhel p@nm vi | spa. esa. es
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